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Abstract

The ZNF198—-FGFR1 fusion gene arises as a result of the
t(8;13)(p11;q12) in the 8p11 myeloproliferative syn-
drome. To determine the transforming properties of this
chimeric protein we transfected ZNF198—-FGFR1 into
the interleukin (IL)-3 dependent cell line Ba/F3. Growth
factor independent subclones were obtained in which
ZNF198—-FGFR1, STAT1, and STAT5 were constitutively
tyrosine phosphorylated, as determined by immunopre-
cipitation and Western blot analysis. To test the
hypothesis that constitutive activation of ZNF198-
FGFR1 tyrosine kinase activity is a result of self-
association of the fusion protein, we in vitro transcribed
and translated ZNF198-FGFR1 and a derivative con-
struct, ZNF198—-FGFR1AC-myc, in which the C-terminal
FGFR1 epitope was replaced by a c-myc tag. As
expected, an anti-FGFR1 antibody immunoprecipitated
ZNF198-FGFR1 but not ZNF198-FGFR1AC-myc. How-
ever when both products were translated together, both
were coimmunoprecipitated by anti-FGFR1 antisera.
Similar results were obtained by using an anti-myc
antibody and demonstrated a physical interaction
between the two proteins. Analysis of COS-7 cells
transfected with ZNF198—-FGFR1 demonstrated that
the fusion gene, in contrast to normal FGFR1, is located
in the cytoplasm. We conclude that ZNF198—-FGFR1 is a
cytoplasmic protein that self-associates and has con-
stitutive transformation activity. These data suggest
that ZNF198-FGFR1 plays a primary role in the
pathogenesis of the t(8;13) myeloproliferative syndrome
and is the first report to implicate STAT proteins in
FGFR1-mediated signaling.
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Introduction

The 8p11 myeloproliferative syndrome is a rare, aggressive
condition associated with chromosomal rearrangements of
the short arm of chromosome 8 [1]. The most common
cytogenetic abnormality in this syndrome is the 1(8;13)
(p11;912), but strikingly similar clinical features have also
been described in patients with a 1(8;9)(p11;q34) or a
1(6;8)(927;p11). We and others have recently cloned the

t(8;13) and found a fusion between a novel gene, ZNF198/
RAMP/FIM (hereafter referred to as ZNF198), at 13q12 and
the fibroblast growth factor receptor-1 (FGFR1) gene at 8p11
[2-5]. FISH analysis has indicated that FGFR1 is also
disrupted by the t(6;8) and t(8;9) [6].

ZNF198 is a widely expressed gene of unknown function
that is predicted to encode a 1377 amino acid protein of 155
kDa. The most prominent feature of ZNF198 is that it contains
five MYM domains [2,3], a novel octocysteine (C8), zinc
finger-related motif that is conserved in two related genes,
ZNF261 (DXS6673E/KIAA0385) and ZNF262 (KIAA0425). In
all t(8;13) cases thus far examined, ZNF198 exon 17 is
spliced to FGFR1 exon 9 and the fusion mRNA is predicted to
be translated into a chimeric protein that retains the five MYM
domains of ZNF198 and virtually the entire intracellular part of
FGFR1, including the tyrosine kinase domain (Figure 1).

Deregulation of specific nonreceptor and receptor tyrosine
kinases as a result of chromosomal translocation and gene
fusion has emerged as a consistent theme in myeloprolifera-
tive disorders. The first example of such a chimeric gene was
BCR-ABL in chronic myeloid leukemia [7,8], but subse-
quently several other fusions have been identified, such as
TEL-ABL [9,10] and TEL-JAK2 [11] in Philadelphia-chro-
mosome negative/atypical chronic myeloid leukemia, TEL—
PDGRF$ [12] and HIP1-PDGRF [13] in chronic myelomo-
nocytic leukemia, and, as just described, ZNF198—FGFR1 in
the 8p11 myeloproliferative syndrome. Functional analysis
has demonstrated that BCR-ABL, TEL-PDGRF 3, and TEL—
JAK2 possess transforming activity in vitro and in vivo as a
result of the constitutive activation of their tyrosine kinase
moieties [14-17]. Constitutive activity arises by partner gene-
dependent dimerization or multimerization of the fusion
proteins and thus mimics the normal process of receptor
tyrosine kinase signaling after binding of their cognate
ligands. In addition, the partner gene may relocalize the
tyrosine kinase to a different cellular compartment from which
it normally resides, thus enabling it to phosphorylate novel
substrates, such as components of the focal adhesion
complex in the case of BCR-ABL [18].
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Figure 1. Schematic representation of ZNF198, FGFR1, the ZNF198—-FGFR1 fusion and the myc-tagged, C-terminal—deleted fusion construct ZNF198—
FGFR1AC-myc. Arrows indicate the sites of fusion immunoglobulin I-1ll, extracellular inmunoglobulin-like domains. (TM, transmembrane region; kinase, tyrosine
kinase domain; MYM, MYM domains).

In this study we have analyzed the transforming activity assembled into the BamHI site of pUC19 by using the
of ZNF198—-FGFR1. We show that this fusion protein is internal restriction sites EcoRI (ZNF198 position 1379) and
capable of self-association and that it transforms the IL-3— Nhel (FGFR1 position 1455) to give plasmid pZF1. This
dependent cell line Ba/F3 to factor independence. Trans- clone was entirely sequenced and matched exactly to that
formation is accompanied by constitutive high level tyrosine expected, except that it lacked the 46-bp noncoding ZNF198
phosphorylation of STAT 1 and STAT 5. These are the first exon 3. An expression construct was generated by cloning
data to demonstrate the transforming activity of ZNF198— the ZNF198—-FGFR1 cDNA into the BamHlI site of pcDNAS.1
FGFR1 and to implicate STAT proteins in FGFR1-mediated (Invitrogen, UK) to give pcDNA3.1/ZNF198—-FGFR1.
signaling. To generate the pCDNAS3.1/ZNF198—-FGFR1AC-myc

construct, the 3.5 kb pZF1 BamHI/Eagl fragment was
subcloned into pcDNA3.1/Myc-His B (Invitrogen, Groningen,
Holland) digested with BamHI and Notl. The resulting
plasmid ZNF198-FGFR1AC-myc encodes a ZNF198-
FGFR1 fusion in which the C-terminal 163 amino acids of
Constructs FGFR1 are replaced by a c-myc epitope.

Because only partial cDNA clones were generated during
the characterization of the t(8;13), the entire sequence of

Experimental Procedures

ZNF198—-FGFR1 was reconstructed by using reverse Cell Lines and Transfections

transcriptase-polymerase chain reaction (RT-PCR). High Ba/F3 cells were maintained in IL-3 medium (RPMI 1640
fidelity PCR (Boehringer Mannheim, Lewes, UK) was used to medium with 10% fetal calf serum [FCS] and 5% conditioned
amplify three fragments which were subsequently as- medium from the IL-3—producing WEHI-3B cell line). For
sembled to give the entire coding sequence. All positions electroporation, 1x10” Ba/F3 cells were washed in phos-
refer to Genbank accession numbers AJ224901 (ZNF198) phate-buffered saline (PBS) and incubated for 10 minutes at
and X52833 (FGFR1). Fragment 1 (ZNF198 positions 30 — room temperature with 20 1. g of plasmid DNA in PBS. Cells
1390) was amplified from normal peripheral blood leukocyte were electroporated at 350 V/975 mF in a Bio-Rad Gene
cDNA and introduced a BamH]I site at ZNF198 position 33. Pulser Il. After a 10-minute incubation at room temperature,
Fragment 2 (ZNF198 position 998 to FGFR1 position 1495) the cells were plated in 10 mL of IL-3—containing medium for
was amplified from t(8;13) patient cDNA. Fragment 3 48 hours and then selected and subcloned by limiting dilution
(FGFR1 positions 1290-2603) was amplified from an (2500 or 250 cells per well) in IL-3 medium plus 1 mg/mL
FGFR1 cDNA clone and introduced a BamHI site at FGFR1 G418. After 12 days, resistant subclones were washed

position 2600. The complete ZNF198—FGFR1 cDNA was and plated out in medium without IL-3. For growth curves,
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2x10° cells from three subclones were plated in 5 mL of
medium with or without IL-3, and viable cells counted on
each day by trypan blue exclusion.

COS7 cells were maintained Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% FCS, and transfections
were carried out with Transfast (Promega, Southampton,
UK) according to the manufacturer’s instructions.

In Vitro Transcription/Translation

In vitro transcription/translation was carried out by using
a rabbit reticulocyte lysate kit (TNT T7 quick coupled
system; Promega) as recommended by the manufacturer.
[**S]methionine incorporation was used to label the proteins.
Half the reaction was diluted to 0.5 mL in lysis buffer (150
mmol/L NaCl, 50 mmol Tris—HCI, 1% Triton X-100 plus
protease, and phosphatase inhibitors) and proteins immu-
noprecipitated as described in the next section. Immunopre-
cipitates and total in vitro transcribed/translated products
were resolved on a 6% sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE) gel and labeled
proteins visualized by fluorography using Amplify (Amer-
sham, St. Alban’s, UK) according to the manufacturer’s
instructions.

Immunoprecipitation and Western Blotting

PBS washed cells were lysed in lysis buffer for 30 minutes
on ice. Immunoprecipitation was carried out by incubating 1
mg of total cell lysate or in vitro transcribed/translated
products in 0.5 mL lysis buffer with the appropriate primary
antibody for 2 hours at 4°C. Fifty milliliters of 10% protein A-
Sepharose (Pharmacia, St. Alban’s, UK) made up in lysis
buffer was then added for an additional 1 hour, and
immunoprecipitates were washed twice in lysis buffer before
boiling in loading buffer for 5 minutes and resolving by SDS-
PAGE. Blocking of Western blots was carried out in either
5% dry milk in TBST (0.1% Tween-20/0.01 mol/L Tris—HCL,
pH 7.6/150 mmol NaCl) or 3% dry milk in TBST for
antiphosphotyrosine blots. Blots were washed in TBST and
incubated for 45 minutes with primary antibody before further
TBST washes and incubation with horseradish peroxidase-
conjugated secondary antibody (Amersham) for a further 45
minutes. Visualization was carried out with an enhanced
chemiluminescence system (Pierce, Aylesbury, UK) Anti-
bodies used were a polyclonal rabbit antibody to residues
802—822 at the C-terminus of FGFR1, anti-STAT 1 and 5 (all
from Santa Cruz Biotechnology, Santa Cruz, CA); antipho-
sphotyrosine (4G10; Upstate Biotechnology, Lake Placid,
NY) and anti-myc (Invitrogen).

Immunofluorescence

COS7 cells transfected with pcDNA3.1/ZNF198-FGFR1
were immunostained by using the anti-FGFR1 antibody as
previously described [19]. Briefly, transfected COS7 cells
were grown on glass coverslips and fixed with 4% paraf-
ormaldehyde in PBS for 30 minutes at room temperature.
The coverslip was then washed three times for 5 minutes in
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L15 medium +10% FCS at room temperature and incubated
for 30 minutes in the same mixture. After incubation for 1
hour in rabbit anti-FGFR1 antibody (5 pg/mL), cells were
washed in L15/FCS as before and then incubated with goat
anti-rabbit antibody linked to fluoresceinisothiocyanate
(1:1000) for an additional 1 hour at room temperature. After
afinal set of L15/FCS washes, the cells were counterstained
with DAPI and images captured on a Zeiss Axioplan
microscope (Zeiss, Welwyn Garden City, UK).

Results

ZNF198—-FGFR1 Transforms Ba/F3 Hematopoietic Cells to
Interleukin 3 Independence

The transforming activity of ZNF198—-FGFR1 was tested
in the murine hematopoietic cell line Ba/F3, which is
dependent on IL-3 for growth and expresses no detectable
endogenous FGFR1 [20]. Ba/F3 cells were transfected by
electroporation with the control vector, pcDNAS3.1, or
pcDNA3.1/ZNF198—FGFR1 containing the full length fusion
cDNA. Cells were recovered in IL-3-containing medium for
48 hours and then plated out in medium containing G418
plus IL-3 at either 2500 or 250 cells per well in 96 well
microtitre plates. After transfection with pcDNAS3.1/ZNF198—
FGFR1 and 12 days of incubation, growth was seen in 95/96
(99%) and 22/96 (23%) of wells at the higher and lower
concentration of cells, respectively. For the pcDNAS.1 vector
control, 70/96 (73%) of wells grew at the higher concentra-
tion and 5/96 (5%) grew at the lower concentration. The
proportions of surviving wells and the fact that all grew from a
single focal point suggested that many of positive wells were
clonal, at least at the lower dilutions. G418-resistant

307 —l—  ZNF198-FGFR1 with IL-3

284 —T3—  2ZNF198-FGFR1 without IL-3
—@—  vector with IL-3

267 —O—  vector without IL-3

Cell Number (x 106)

Day

Figure 2. ZNF198—-FGFR1 transforms Ba/F3 cells to IL-3 independence. Ba/
F3 cells were transfected with pcDNA3.1 or pcDNA3.1/ZNF198—-FGFR1.
Cells were initially selected for G418 resistance before plating in media lacking
IL-3. IL-3—independent cells (pcDNA3.1/ZNF 198 - FGFR1) or G418-resistant
cells (pcDNA3.1) were washed free of IL-3 and plated in the absence of
presence of IL-3. Viable cells were counted on each day, and results shown
are the average of three independent clones.
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Figure 3. ZNF198—-FGFR1 is expressed and constitutively tyrosine-phos-
phorylated in transformed Ba/F3—-ZNF198—-FGFR1 cells. Ba/F3 cells were
transfected with pcDNA3.1 or pcDNA3.1/ZNF198—-FGFR1. All cells were
selected in 1 mg/mL G418, and pcDNA3.1/ZNF198—FGFR1 cells were
selected further for growth in the absence of IL-3. Proteins released from cells
by lysis were immunoprecipitated with an antibody to human FGFRI,
separated by SDS/PAGE and transferred to nitrocellulose. Western blotting
was carried out by using the anti-FGFR1 antisera and antiphosphotyrosine
antibody.

subclones were washed free of IL-3 and plated out in
medium lacking added growth factor. After 12 days, none of
the G418 resistant, pcDNA3.1-transfected wells had grown
in the absence of IL-3. For the ZNF198—-FGFR1 transfected
cells, factor independent growth was seen for 67/95 (71%) of
subclones from the high concentration plate and for 15/22
(68%) of subclones from the low concentration plate. The
proportion of factor-independent, G418-resistant clones is
comparable to that seen with BCR—ABL and TEL-ABL [21].
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ZNF198-FGFR1
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87 kDa—

4
i

o-STAT 1 o-STATS

B.

Growth curves were performed on three separate sub-
clones for both ZNF198—-FGFR1 and pcDNA3.1 transfected
cells. Ba/F3 cells transfected with ZNF198—-FGFR1 grew at
a slightly slower rate in the absence of IL-3 compared with
the Ba/F3-pcDNA3.1 control cells in the presence of IL-3.
However, addition of IL-3 to the Ba/F3 cells transfected with
ZNF198—FGFR1 resulted in a further stimulation of growth,
indicating a cooperative effect (Figure 2). All three ZNF198—
FGFR1 transformed subclones grew at a similar rate in the
presence or absence of IL-3 and all expressed similar levels
of the fusion protein (data not shown).

Normal Ba/F3 cells exhibited no growth in conditioned
medium harvested by centrifugation and filtration from a
confluent culture of Ba/F3-ZNF198—-FGFR1 cells grown in
the absence of IL-3 (data not shown). This suggests that the
transformation of Ba/F3 cells by ZNF198—-FGFR1 is not an
autocrine effect of induction of expression of endogenous IL-
3 or other growth factors.

ZNF198—-FGFR1 is Constitutively Tyrosine-Phosphorylated
in Transformed Ba/F3 Cells

Ba/F3-ZNF198—-FGFR1 cells grown in medium lacking
IL-3 and Ba/F3-pcDNA3.1 cells grown with IL-3 were lysed
and proteins precipitated with an anti-FGFR1 antisera.
Immunoprecipitates were separated by SDS-PAGE and
blotted onto nitrocellulose and then probed with either anti-
FGFR1 antisera or an antiphosphotyrosine antibody (Figure
3). A tyrosine-phosphorylated product of approximately 150
kDa, the expected size of the ZNF198—-FGFR1 fusion
protein, was observed in the transformed Ba/F3 cells,
whereas no such product was seen with either antibody in
control cells transfected with vector alone. An additional
tyrosine phosphorylated product of approximately 130 kDa
was seen occasionally and probably corresponds to a
breakdown product of ZNF198—-FGFR1.
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Figure 4. ZNF198—FGFR1 induces tyrosine phosphorylation of STAT 1 and STAT 5. (A) Immunoprecipitation and Western blot of 0.5 mg total protein with STAT 1
or STAT 5 antibodies demonstrating equal levels of expression in Ba/F3 cells grown in the presence of IL-3 or transfected with ZNF198—-FGFR1 and grown in the
absence of IL-3. (B) Cell lysates immunoprecipitated with STAT 1 or STAT 5 antibodies and probed with antiphosphotyrosine.

Neoplasia e Vol. 1, No. 4, October 1999



Transformation of Ba/F3 Cells by ZNF198-FGFR1 Smedley et al. 353 ”

A. B.
Total reaction : . .
products IP: 0o-FGFR1  IP: 0—Cmyc

R — I 1 I }

1 2 3 1 2 3 g, 5 6
194 k —194 kDa

Da - ZNF198-FGFR1 .
p— . P E -3 e H
s T~ ZNF198-FGFR1AC-myc —

120 kDa R

Figure 5. ZNF198—-FGFR1 oligomerises in vitro. (A) pcDNA3.1/ZNF198—-FGFR1 (lane 1), pcDNA3.1/ZNF198—-FGFR1AC-myc (lane 2), or a mixture of the two
(lane 3) were in vitro transcribed and translated in the presence of [ S| methionine. (B) One half the reaction mixture was immunoprecipitated by using either an
antisera to the C-terminus of human FGFRT1 (lanes 1-3) or an anti-myc epitope antibody (lanes 4—6). Total reaction products or immunoprecipitates were separated
by SDS/PAGE, the gel fixed, treated with Amplify (Amersham), dried, and exposed to film at —70°C.

ZNF198-FGFR1 Induces Tyrosine Phosphorylation of
STAT 1 and STAT 5

We sought to determine if STAT 1 and STAT 5 might play
arole in ZNF198—-FGFR1-mediated transformation of Ba/F3
cells because these proteins have been implicated in the
signal transduction cascades initiated by growth factors and
constitutively activated tyrosine kinases. STAT 1 and 5 were
expressed at equivalent levels in wild-type parental Ba/F3
cells grown in the presence of IL-3 and ZNF198-FGFR1—
transformed cells grown in the absence of IL-3 (Figure 4A).
Immunoprecipitation with anti-STAT antibodies followed by
anti-phosphotyrosine blotting showed that STAT 1 was
weakly phosphorylated on tyrosine in parental Ba/F3 cells
grown in the presence of IL-3 but strongly phosphorylated in
cells transformed with ZNF198—-FGFR1. STAT 5 was

phosphorylated in Ba/F3 cells stimulated with IL-3 but was
more strongly phosphorylated in cells transformed with
ZNF198—-FGFR1 (Figure 4B).

ZNF198—-FGFR1 Oligomerizes In Vitro

In common with other receptor tyrosine kinases, activa-
tion of FGFR1 results from ligand-induced receptor
dimerization. It is, likely, therefore that the constitutive
phosphorylation of ZNF198—-FGFR1 and transformation of
Ba/F3 cells results from dimer/oligomerization of the
ZNF198—-FGFR1 fusion protein via the ZNF198 moiety. To
test this hypothesis we in vitro transcribed and translated
ZNF198—-FGFR1 and a derivative construct, ZNF198—
FGFR1AC-myc, in which the C-terminal epitope for the

Figure 6. Cytoplasmic localization of ZNF198—FGFR1 COS?7 cells were transiently transfected with pcDNA3.1/ZNF198—-FGFR1, immunostained with anti-
FGFR1, and visualized by fluorescence microscopy. Transfected cells showed diffuse cytoplasmic staining, whereas untransfected cells were unstained.
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anti-FGFR1 antisera was replaced by a c-myc tag (Figure
5A). As expected, anti-FGFR1 antisera immunoprecipitated
ZNF198—-FGFR1 (Figure 5B, lane 1) but not ZNF198—
FGFR1AC-myc (Figure 5B, lane 2). However when both
products were translated together, both were coimmu-
noprecipitated by anti-FGFR1 antisera (Figure 5B, lane 3).
Similarly, anti-myc antibody recognized ZNF198-
FGFR1AC-myc but not ZNF198—-FGFR1 but when both
were cotranslated the anti-myc antibody immunoprecipitated
both proteins (Figure 5B, lanes 4—6). Whilst these results do
not prove an in vivo self-association, they do suggest that
ZNF198-FGFR1 and ZNF198—-FGFR1AC-myc interact,
thereby providing evidence for dimer/oligomerization of the
fusion product.

Immunolocalization of ZNF198—-FGFR1

To identify the cellular location of the fusion protein,
pcDNA3.1/ZNF198—-FGFR1 was transfected into COS7
cells. Immunostaining of transiently transfected cells with
the anti-FGFR1 antibody revealed that ZNF198—-FGFR1 is
located exclusively in the cytoplasm (Figure 6), unlike wild-
type FGFR1 protein which is a plasma membrane protein
that, at least in some cell types, shuttles transiently in the
nucleus on binding of ligand [23]. Untransfected cells
showed no staining.

Discussion

The 8p11 myeloproliferative syndrome, most commonly
associated with the t(8;13)(p11;q12), is a rare condition that
has obvious clinicopathological parallels with chronic mye-
loid leukemia [1]. The 1(9;22) in this disease fuses BCR to the
ABL tyrosine kinase, and several lines of evidence, notably
the induction of leukemia in mice [15], have demonstrated
that BCR—ABL plays a primary role in the pathogenesis of
this disease. It was of great interest, therefore, to find that the
t(8;13) also disrupts a tyrosine kinase, FGFR1, by fusion to
ZNF198. Here we have shown that ZNF198—-FGFR1, like
BCR-ABL and other related chimeric genes such as TEL-
PDGFR3, TEL-JAK2, and TEL-ABL [16,17,21,24,25],
transforms the IL-3 dependent cell line Ba/F3 to factor
independence. In common with these other tyrosine kinase
fusion genes, ZNF198—-FGFR1 self-associates, and this is
presumably responsible for its constitutive tyrosine kinase
activity, by mimicking the normal process of ligand-induced
receptor dimerization. An obvious candidate for the self-
association motif are the five ZNF198 MYM domains, zinc
finger-related structures that resemble other motifs believed
to mediate protein—protein interactions such as the RING,
LAP/PHD, and LIM domains [2,3,26]. However it is possible
that the MYM domains mediate heterotypic interactions and
that the self-association motif lies elsewhere.

The normal role of FGFR1 in hemopoiesis has not been
clearly defined. Current evidence suggests that FGFs are
concentrated in the extracellular matrix of bone marrow
stromal cells and that bFGF synergizes with SCF and GM-
CSF to directly augment the growth of myeloid colony
forming cells [27,28]. In contrast, bFGF appears to have no

discernible effect on hemopoietic stem cells, and FGFR
mRNA, including FGFR1, is undetectable by RT-PCRin cells
with a primitive phenotype [28,29]. The fact that both
lymphoid and myeloid cells are affected in the 8pi11
myeloproliferative syndrome is indicative of a stem cell
disorder, and it is likely, therefore, that fusion to ZNF198
constitutively activates FGFR1 tyrosine kinase in a cell type
in which FGFR1 is not normally expressed.

The signaling pathways that are normally activated by
FGFR1 have been only partly elucidated. FGFR1 activates
the RAS/MAPK pathway via FRS2, a protein that is
phosphorylated on tyrosine in response to FGF stimulation
and subsequently forms a complex with GRB2, SOS, and
SHP2 [30,31]. A total of seven tyrosine residues become
autophosphorylated after binding of ligand [32] and one of
these, Y766, serves as a high affinity binding site for the SH2
domain of PLC~1 [22]. Although phosphorylation of Y766 is
essential for hydrolysis of phosphatidylinositol, this function
is not required for FGF-induced DNA synthesis of myelo-
blasts or differentiation of the neuronal cell line PC12 [33,34].
Whether these interactions are required for ZNF198-—
FGFR1- mediated transformation of Ba/F3 cells remains to
be determined.

The role of BCR-ABL in leukemia has been studied in
considerable detail. We have found that ZNF198—-FGFR1,
as is the case with BCR—ABL [35], is localized in the
cytoplasm, and therefore these two fusion proteins may
interact with a common set of substrates. However unlike
BCR-ABL, ZNF198—-FGFR1 does not appear to specifically
associate with actin filaments or focal adhesion complexes.
Signaling by BCR-ABL is highly complex and involves the
phosphorylation and/or recruitment of more than 20 proteins,
with concomitant activation of the RAS, JNK/SAPK, PI3
kinase and JAK/STAT signaling pathways (reviewed in [36]).
STAT 5 is constitutively phosphorylated in BCR—ABL-
transformed cells [37], and the finding that this protein is
also phosphorylated in Ba/F3 cells transfected with
ZNF198—-FGFR1 or TEL-JAK2 [17] shows that activation
of STAT 5—mediated pathways are a common feature of
deregulated tyrosine kinases in leukemia. STAT 5 is known
to play a role in the response of hematopoietic cells to
diverse cytokines, which suggests that transformation by
tyrosine kinase fusion proteins is mediated, at least in part,
by activation or subversion of pathways employed by normal
growth factors. However we found that STAT 1 is also highly
phosphorylated on tyrosine in ZNF198—FGFR1-trans-
formed Ba/F3 cells, indicating that this fusion gene employs
distinct signaling pathways. To our knowledge, these are the
first data to implicate STAT proteins in FGFR1 signal
transduction. STAT 1 is also activated by FGFR3 mutants
associated with achondroplasia [38], which suggests that
STAT activation may be a common feature of FGFR-
mediated signaling.
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